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(57) ABSTRACT

The pneumatic tire (1) comprises at least three circumier-
ential grooves (22) extending 1n a tire circumierential direc-
tion 1n a tread portion (2), and at least four ribs (23) defined
by the circumierential grooves (22), the at least four ribs
(23) extending in the tire circumierential direction. At least
two of the ribs (23) protrude outward 1n a tire radial direction
beyond the profile line (L) of the tread surface when viewed
in the meridian cross section. The protruding amount (G) of
the at least two ribs (23) decreases 1n order from a first side
in a tire width direction to a second side.
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PNEUMATIC TIRE

TECHNICAL FIELD

The present technology relates to a pneumatic tire and
particularly relates to a pneumatic tire with enhanced steer-
ing stability at high speeds and enhanced durabaility at high
speeds when a camber 1s applied.

BACKGROUND ART

Conventionally, pneumatic tires with an object of secur-
ing straight-line stability are known. For example, the pneu-
matic tire of Japanese Unexamined Patent Application Pub-
lication No. 2002-29216A comprises land portions defined
by grooves that extend 1n a direction that intersects a tread
width direction cross section 1n the tread portion. When
viewed 1n a tread width direction cross section, the contact
surface of the land portions 1s curved so as to protrude
outward 1n the radial direction, and the apex of the contact
surface closest to the profile line of the tread surface across
the entire tread width 1s offset from the lateral center of the
land portion toward one side edge of the land portion by
from 0.1 to 0.4 times the width of the land portion.

Also, Japanese Unexamined Patent Application Publica-
tion No. 2004-122904A, for example, describes a pneumatic
tire comprising a center land portion extending along the tire
equator, an outer land portion extending in the shoulder
portion, an intermediate land portion located between the
center land portion and the outer land portion; these circum-
terential grooves defining a tread surface. Such a pneumatic
tire when 1n a regular state of being mounted on a regular
rim, inflated to a regular internal pressure, and having no
load applied, when viewed in the tire meridian cross section
including the tire axis, the radius of curvature R1 of the outer
surface of the center land portion 1s greater than the radius
of curvature R2 of the outer surface of the intermediate land
portion, and the center of each radius of curvature R1, R2
lies at the same position.

In recent years, 1n line with increases in the performance
of vehicles, pneumatic tires having both steering stability at
high speeds and durability at high speeds when a camber 1s
applied have been demanded. To cater to such a demand to
ensure steering stability, a pneumatic tire such as that
described 1n Japanese Unexamined Patent Application Pub-
lication No. 2002-29216A has been effective. The pneumatic
tire of Japanese Unexamined Patent Application Publication
No. 2002-29216A has a configuration 1in which a rib (land
portion), formed 1n the tread portion, has a profile that, when
viewed 1n the tire meridian cross section, protrudes outward
in the tire radial direction more than the profile of the tread
surface so that the rib has better contact with the ground.
However, when a camber 1s applied to a vehicle, durability
at high speeds tends to decrease. This 1s because, 1n the case
ol a negative camber, ribs located mmward of the tire equator
plane when the tire 1s mounted on a vehicle have a longer
contact patch length than ribs located outward of the tire
equatorial plane. Consequently, achieving both steering sta-
bility at high speeds and durability at high speeds when a
camber 1s applied has been diflicult.

The pneumatic tire described in Japanese Unexamined
Patent Application Publication No. 2004-122904A 1s con-
figured for enhanced durability. However, the pneumatic tire
1s for light trucks. Also, the pneumatic tire has a configu-
ration 1n which, due to differences 1n the radius of curvature,
a center land portion protrudes outward in the tire radial
direction a great deal more than the intermediate land
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portion. Consequently, if the pneumatic tire was applied to
a vehicle with a camber, durability of a center land portion
would decrease and steering stability would also decrease.

SUMMARY

The technology provides a pneumatic tire with both
steering stability at high speeds and durability at high speeds
when a camber 1s applied.

The pneumatic tire of the present technology comprises at
least three circumierential grooves extending in a tire cir-
cumierential direction 1n a tread portion, and at least four
ribs defined by the circumierential grooves, the at least four
ribs extending in the tire circumierential direction. At least
two of the nbs protrude outward 1n a tire radial direction
beyond a profile line of a tread surface when viewed 1n a
meridian cross section. A protruding amount of the at least
two ribs decreases 1n order from a first side 1n a tire width
direction to a second side.

According to such a pneumatic tire, at least two of the ribs
protrude beyond the profile line with the protruding amount
decreasing in order from the first side to the second side.
Consequently, when a negative camber 1s applied, by mount-
ing the tire on a vehicle with the first side corresponding to
the vehicle outer side and the second side corresponding to
the vehicle mner side, or, alternatively when a positive
camber 1s applied, by mounting the tire on a vehicle with the
first side corresponding to the vehicle mmner side and the
second side corresponding to the vehicle outer side, better
contact with the ground in the tire width direction 1is
achieved. As a result, increases 1n steering stability at high
speeds are possible. Moreover, when a negative camber 1s
applied, by mounting the tire on a vehicle with the first side
corresponding to the vehicle outer side and the second side
corresponding to the vehicle inner side, or, alternatively
when a positive camber 1s applied, by mounting the tire on
a vehicle with the first side corresponding to the vehicle
iner side and the second side corresponding to the vehicle
outer side, excessive contact with the ground in the tire
width direction 1s alleviated. As a result, the length of the
footprint (the length in the tire circumierential direction of
the region of the tread surface that comes mto contact with
the road surface) 1s uniformed between the ribs and
increases 1n durability at high speeds when a camber 1s
applied are possible. Consequently, both steering stability at
high speeds and durability at high speeds when a camber 1s
applied can be achieved.

Also, the pneumatic tire of the present technology may
have a configuration 1n which the protruding amount from

the profile line of the ribs 1s from 0.05 mm to 2.0 mm, both
inclusive.

When the protruding amount of the ribs 1s less than 0.05
mm, the effects of better contact with the ground and
uniformity of the footprint lengths are difficult to achieve
due to the small protruding amount of the ribs. When the
protruding amount of the ribs exceeds 2.0 mm, the effects of
better contact with the ground and uniformity of the foot-
print lengths become diflicult to achieve due to the large
protruding amount of the rnibs. However, when the protrud-
ing amount of the ribs 1s from 0.05 mm to 2.0 mm, both
inclusive, the eflects of both steering stability at high speeds
and durability at high speeds when a camber 1s applied can
be significantly achieved.

Also, the pneumatic tire of the present technology may
have a configuration 1n which a vehicle inner/outer side
orientation when mounted on a vehicle 1s designated, and the
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protruding amount of the ribs decreases 1n order from the
vehicle outer side to the vehicle mner side.

According to such a pneumatic tire, in the case of high-
speed traveling, a negative camber 1s preferably applied
from the perspective of enhancing steering stability. When a
negative camber 1s applied, a configuration in which the ribs
have a protruding amount that decreases 1n order from the
vehicle outer side to the vehicle inner side can significantly
achieve the eflects of better contact with the ground and
uniformity of the footprint lengths. Consequently, both the
cllects of steering stability at high speeds and durability at
high speeds when a camber 1s applied can be significantly
achieved.

Also, the pneumatic tire of the present technology may
have a configuration in which the ribs protruding beyond the
profile line are provided adjacent to one another interposed
by the circumierential groove, and a difference between the
respective protruding amounts of the ribs adjacent to one
another 1s from 0.1 mm to 0.8 mm, both inclusive.

When the difference between the respective protruding
amounts of adjacent ribs 1s less than 0.1 mm, the effects of
better contact with the ground and uniformity of the foot-
print lengths are diflicult to achieve due to difference
between the respective protruding amounts of the ribs being
too small. When the difference between the protruding
amounts of adjacent ribs exceeds 0.8 mm, the effects of
better contact with the ground and uniformity of the foot-
print lengths are difhicult to achieve due to the difference
between the respective protruding amounts of the ribs being
too great. However, when the difference between the pro-
truding amounts of adjacent ribs 1s from 0.01 mm to 0.8 mm,
both 1nclusive, the effects of both steering stability at high
speeds and durability at high speeds when a camber 1s
applied can be significantly achieved.

Also, the pneumatic tire of the present technology may
have a configuration in which the ribs protruding beyond the
profile line are each provided between the circumierential
grooves.

The ribs protruding beyond the profile line, which are
cach provided between the circumierential grooves, are ribs
provided inward 1n the tire width direction, excluding out-
ermost ribs 1n the tire width direction. These inner ribs 1n the
tire width direction protrude outward in the tire radial
direction beyond the profile line, the protruding amount
decreasing 1n order from the first side in the tire width
direction to the second side. This configuration contributes
greatly to achieving the eflects of better contact with the
ground and umiformity of the footprint lengths. Conse-
quently, the effects of both steering stability at high speeds
and durability at high speeds when a camber 1s applied can
be significantly achieved.

The pneumatic tire according to the present technology
can achieve both steering stability at high speeds and
durability at high speeds when a camber 1s applied.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a meridian cross-sectional view of a tread
portion ol a pneumatic tire according to an embodiment of
the present technology.

FIG. 2 1s a meridian cross-sectional view of a tread
portion of a pneumatic tire according to the embodiment of
the present technology.

FI1G. 3 1s an enlarged meridian cross-sectional view of the
tread portion of the pneumatic tire according to the embodi-
ment of the present technology.
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FIG. 4 1s an enlarged meridian cross-sectional view of the
tread portion of the pneumatic tire according to the embodi-

ment of the present technology.

FIG. 5 1s an enlarged meridian cross-sectional view of the
tread portion of the pneumatic tire according to the embodi-
ment of the present technology.

FIGS. 6 A-6B 1s a table showing results of performance
testing of pneumatic tires according to examples of the
present technology.

FIGS. 7A-7B 1s a table showing results of performance
testing of pneumatic tires according to examples of the
present technology.

DETAILED DESCRIPTION

Below, an embodiment of the present technology 1s
described 1n detail on the basis of the drawings. Note that the
present technology 1s not limited by the embodiment. Also,
constituents of the embodiment include elements that are
essentially 1dentical or that could be easily substituted by a
person skilled in the art. Furthermore, a plurality of modified
examples described in the embodiment can be combined as
desired within the scope of obviousness by a person skilled
in the art.

FIGS. 1 and 2 are meridian cross-sectional views of tread
portions of pneumatic tires according to the present embodi-
ment, and FIGS. 3 to 5 are enlarged meridian cross-sectional
views of the tread portion of the pneumatic tire according to
the present embodiment.

In the following description, “tire radial direction” refers
to a direction orthogonal to the rotational axis (not illus-
trated) of the pneumatic tire 1. “Inward in the tire radial
direction” refers to the side facing the rotational axis 1n the
tire radial direction. “Outward in the tire radial direction”™
refers to the side distanced from the rotational axis 1n the tire
radial direction. ““I'1re circumierential direction” refers to a
circumierential direction around the rotational axis. “Tire
width direction” refers to a direction parallel to the rotational
axis. “Inward 1n the tire width direction” refers to a side
facing a tire equator plane (tire equatorial line) CL in the tire
width direction, and “outward in the tire width direction™
refers to a side distanced from the tire equator plane CL 1n
the tire width direction. The “tire equator plane CL” refers
to a flat plane orthogonal to the rotational axis of the
pneumatic tire 1 that extends in the center in the tire width
direction of the pneumatic tire 1. “Tire width™ refers to the
width 1n the tire width direction between portions located
outward 1n the tire width direction, or 1n other words, the
distance between the most distant portions from the tire
equatorial plane CL 1n the tire width direction. “Tire equa-
torial line” refers to a line on the tire equatorial plane CL that
extends 1n the tire circumierential direction of the pneumatic
tire 1. In the present embodiment, the tire equatorial line and
the tire equatorial plane are both denoted by “CL”.

In the pneumatic tire 1 of the present embodiment, a tread
portion 2 1s made from rubber material (tread rubber) and,
as 1llustrated 1n FIGS. 1 and 2, 1s exposed most outwardly 1n
the tire radial direction of the pneumatic tire 1, the surface
of the tread portion 2 defining the profile of the pneumatic
tire 1. A tread surface 21 1s formed in the outer circumier-
ential surface of the tread portion 2, 1n other words, the
surface that comes contact with the road surface when
travelling. The tread portion 2 1s provided with a circum-
ferential groove 22 that opens to the tread surface 21. The
circumierential groove 22 has a groove depth from the tread
surface 21 to the groove bottom of 5 mm or greater. A
plurality of the circumierential grooves 22 (in FIG. 1, four,
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in FIG. 2, three) are provided in the tire width direction
extending next to one another in the tire circumierential
direction. Also, 1n the tread portion 2, a plurality of ribs 23
(in FIG. 1 five, 1n FIG. 2, four) are defined in the tire width
direction by the plurality of circumierential grooves 22 and
extend next to one another in the tire circumierential direc-
tion. In the ribs 23 of the tread portion 2, a plurality of lug
grooves 24 are provided 1n the tire circumierential direction
extending next to one another in a direction that intersects
with the circumierential grooves 22. In FIGS. 1 and 2, the
lug grooves 24 are only provided 1n the outermost ribs 23 1n
the tire width direction. However, lug grooves 24 may also
be provided 1n other ribs 23. The lug grooves 24 may be
configured to connect with the circumierential grooves 22,
or may be configured to not connect with the circumierential
grooves 22. When the lug grooves 24 are provided in the
outermost ribs 23 1n the tire width direction, the lug grooves
24 open outward in the tire width direction. Note that, as
illustrated 1n FIG. 1, when the rib 23 1s formed on the tire
equatorial plane CL, even 1f a groove that extends 1n the tire
circumierential direction with a groove depth of 5 mm or
greater 15 formed 1n the rib 23 formed on the tire equatorial
plane CL, the groove 1s not included as a circumierential
groove 22.

Although not illustrated, the pneumatic tire 1 also com-
prises shoulder portions disposed connected to both outer
side portions 1n the tire width direction of the tread portion
2; sidewall portions connected to the shoulder portions, the
sidewall portions being exposed at the outermost positions
in the tire width direction of the pneumatic tire 1; and bead
portions connected to the sidewall portions, the bead por-
tions engaging with the rim. Also, although not 1llustrated,
bead cores are provided in the bead portions of the pneu-
matic tire 1. The bead cores are formed by winding bead
wire (steel wire) in the tire circumierential direction to form
a ring. The pneumatic tire 1 1s also provided with a carcass
layer that forms the skeleton of the tire. The carcass layer 1s
configured by being folded over the pair of bead cores 1nside
to outside in the tire width direction and stretched into a
toroidal shape 1n the tire circumierential direction. Further-
more, the pneumatic tire 1 1s provided with a belt layer. The
belt layer 1s disposed outward (to the periphery) of the
carcass layer in the tire radial direction 1n the tread portion
2 and has a multi-layer configuration in which at least two
layers of belts are stacked upon one another.

When such a pneumatic tire 1 1s new, as illustrated in
FIGS. 1 and 2, at least two of the ribs 23 are formed
protruding 1n the tire radial direction more outwardly than a
profile line L of the tread surface 21. Also, the protruding
amount G of the protruding ribs 23 decreases in order from
the first side 1n the tire width direction to the second side in
the tire width direction. In FIG. 1, an example 1s illustrated
in which the outermost rib 23 1n the tire width direction 1s
formed to not protrude, the three ribs each provided between
the circumierential grooves 22 are formed to protrude
beyond the profile line L, and the relationship between the
protruding amount G from the first side to the second side 1s
such that Ga>Gb>Gce. Also, 1n FIG. 2, all (four) of the ribs
23 are formed to protrude beyond the profile line L, and the
protruding amount G from the first side to the second side 1s
such that Gd>Ge>GI>Gg.

Note that the at least two ribs 23 that protrude beyond the
profile line L. may not be adjacent to each other interposed
by the circumierential groove 22. Also, a rib 23 that does not
protrude beyond the profile line L may be disposed in the tire
width direction between the ribs 23 that protrude beyond the
profile line L.
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Here, “profile line L™ refers to, 1n the case as illustrated 1n
FIG. 3 of the rib 23 disposed between the circumierential
grooves 22, a circular arc drawn at a maximum radius of
curvature having a center inward of the tread surface 21 1n
the tire radial direction and passing through at least three
opening edges P of four opening edges P of two adjacent
circumierential grooves 22 located on either side of the nb
23 1n the tire width direction when viewed 1n the meridian
Cross section.

Also, “profile line L refers to, in the case as illustrated 1n
FI1G. 4 of the outermost rib 23 1n the tire width direction, a
circular arc drawn at a radius of curvature having a center
inward of the tread surface 21 in the tire radial direction and
passing through P1, P2, and P3; wherein P1 1s a ground
contact edge T of the outermost nb 23, P2 an opening edge
on the outer side 1n the tire width direction of the circum-
ferential groove 22 adjacent to the outermost rib 23, and P3
1s an opening edge on the inner side 1n the tire width
direction of the circumierential groove 22, when viewed 1n
the meridian cross section.

Note that, as illustrated 1n FIG. 5, when a chamfter C 1s
provided on the openming edge of the circumierential groove
22, the profile line L 1s defined as described above by taking
the most outwardly positioned edge point in the tire radial
direction as the opening edge. In FIG. 5, the 1illustrated rib
23 1s disposed between the circumierential grooves 22,
however the above holds for the outermost rib 23 1n the tire
width direction.

Additionally, the “ground contact edge 1T refers to both
outermost edges in the tire width direction of a region 1n
which the tread surface 21 of the tread portion 2 of the
pneumatic tire 1 comes 1nto contact with the road surface
when the pneumatic tire 1 1s mounted on a regular rim,
inflated to the regular internal pressure, and has the regular
load applied thereto. The ground contact edge T continues 1n
the tire circumierential direction.

Here, “regular nm”™ refers to a “standard rim™ defined by
the Japan Automobile Tyre Manufacturers Association Inc.
(JATMA), “Design Rim” defined by the Tire and Rim
Association, Inc. (TRA), or “Measuring Rim™ defined by the
European Tyre and Rim Technical Organisation (ETRTO).
“Regular internal pressure” refers to “maximum air pres-
sure” defined by JATMA, a maximum value 1n “tire load
limits at various cold inflation pressures” defined by TRA, or
“inflation pressures” defined by ETRTO. Also, “regular
load” refers to “maximum load capacity” defined by
JATMA, a maximum value 1n “tire load limits at various
cold inflation pressures™ defined by TRA, or “load capacity”
defined by ETRTO.

In such a manner, the pneumatic tire 1 of the present
embodiment comprises at least three circumierential
grooves 22 extending in the tire circumierential direction 1n
the tread portion 2, and at least four ribs 23 defined by the
circumierential grooves 22 and extending 1n the tire circum-
ferential direction. In such a pneumatic tire 1, at least two of
the ribs 23 protrude outward in the tire radial direction
beyond the profile line L of the tread surface when viewed
in the meridian cross section. The protruding amount G of
the protruding ribs 23 decreases in order from the first side
in the tire width direction to the second side.

According to the pneumatic tire 1, at least two of the ribs
23 protrude beyond the profile line L with the protruding
amount G decreasing 1in order from the first side to the
second side. Consequently, when a negative camber 1s
applied, by mounting the tire on a vehicle with the first side
corresponding to the vehicle outer side and the second side
corresponding to the vehicle mner side, or, alternatively
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when a positive camber 1s applied, by mounting the tire on
a vehicle with the first side corresponding to the vehicle
inner side and the second side corresponding to the vehicle
outer side, better contact in the tire width direction 1s
achieved. As a result, increases 1n steering stability at high
speeds are possible. Moreover, when a negative camber 1s
applied, by mounting the tire on a vehicle with the first side
corresponding to the vehicle outer side and the second side
corresponding to the vehicle inner side, or, alternatively
when a positive camber 1s applied, by mounting the tire on
a vehicle with the first side corresponding to the vehicle
inner side and the second side corresponding to the vehicle
outer side, excessive contact in the tire width direction 1s
alleviated. As a result, the length of the footprint (the length
in the tire circumierential direction of the region of the tread
surface 21 that comes into contact with the road surface) 1s
uniformed between the ribs 23 and increases 1 durability at
high speeds when a camber 1s applied are possible. Conse-
quently,, both steering stability at high speeds and durability
at high speeds when a camber 1s applied can be achieved.
In the pneumatic tire 1 of the present embodiment, the ribs
23 preferably have a protruding amount G of from 0.05 mm
to 2.0 mm, both inclusive, from the profile line L.

When the protruding amount G of the ribs 23 1s less than
0.05 mm, the effects of better contact with the ground and
uniformity of the footprint lengths become difficult to
achieve due to the small protruding amount G of the ribs 23.
When the protrudmg amount G of the ribs 23 exceeds 2.0
mm, the effects ol better contact with the ground and
uniformity of the footprint lengths become diflicult to
achieve due to the large protruding amount G of the ribs 23.
However, when the protruding amount G of the ribs 23 1s
from 0.05 mm to 2.0 mm, both inclusive, the effects of both
steering stability at high speeds and durability at high speeds
when a camber 1s applied can be significantly achieved. To
achieve the eflects of both steering stability at high speeds
and durability at high speeds when a camber 1s applied to a
more signmificant degree, the protruding amount G of the ribs
23 1s preferably from 0.2 mm to 0.6 mm, both inclusive,
from the profile line L.

Also, the pneumatic tire 1 of the present embodiment
preferably has a designated vehicle inner/outer side orien-
tation when mounted on a vehicle, and the ribs 23 preferably
have a protruding amount G that decreases 1n order from the
vehicle outer side to the vehicle inner side.

The vehicle inner/outer side orientation of such a pneu-
matic tire 1 may be designated by indicators provided on the
sidewall portions, which indicate the vehicle inner/outer side
orientation when the pneumatic tire 1 1s mounted on a
vehicle, for example. Note that the vehicle mner side and
vehicle outer side designation 1s not limited to when the
pneumatic tire 1 1s mounted on a vehicle, and, for example,
when the pneumatic tire 1 1s mounted on a rim, the orien-
tation of the rim may be designated with respect to the
vehicle mner side and vehicle outer side 1n the tire width
direction. As a result of this configuration, the pneumatic tire
1 1s designated with a vehicle mner side and vehicle outer
side orientation with respect to the tire width direction when
mounted on a rim.

According to the pneumatic tire 1, 1n the case of high-
speed traveling, a negative camber 1s preferably applied
from the perspective of enhancing steering stability. When a
negative camber 1s applied, a configuration in which the ribs
23 have a protruding amount G that decreases 1n order from
the vehicle outer side to the vehicle inner side can signifi-
cantly achieve the eflects of better contact with the ground
and uniformity of the footprint lengths. Consequently, both
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the eflects of steering stability at high speeds and durability
at high speeds with a negative camber 1s applied can be

significantly achieved.

Also, 1n the pneumatic tire 1 of the present embodiment,
the ribs 23 protruding beyond the profile line L are prefer-
ably provided adjacent to one another interposed by a
circumierential groove 22, and the diflerence between the
respective protruding amounts G of the adjacent ribs 23 1s
preferably from 0.1 mm to 0.8 mm, both inclusive.

When the difference between the respective protruding
amounts G of adjacent ribs 23 1s less than 0.1 mm, the effects
of better contact with the ground and uniformity of the
footprint lengths are difficult to achieve due to difference
between the respective protruding amounts G of the ribs 23
being too small. When the diflerence between the respective
protruding amounts G of adjacent ribs 23 exceeds 0.8 mm,
the effects of better contact with the ground and uniformity
of the footprint lengths are dificult to achieve due to the
difference between the respective protruding amounts G of
the ribs 23 being too great. However, when the difference
between the respective protruding amounts G of adjacent
ribs 23 1s from 0.01 mm to 0.8 mm, both inclusive, the
ellects of both steering stability at high speeds and durability
at high speeds when a camber 1s applied can be significantly
achieved.

Also, 1n the pneumatic tire 1 of the present embodiment,
the ribs 23 protruding beyond the profile line L are each
preferably provided between circumierential grooves 22.

In other words, as illustrated in FIG. 1, the ribs 23
protruding beyond the profile line L, which are each pro-
vided between circumierential grooves 22, are ribs provided
inward 1n the tire width direction, excluding outermost ribs
23 1n the tire width direction (shoulder side ribs). These ribs
23 provided mmward in the tire width direction protrude
outward in the tire radial direction beyond the profile line L,
and the protruding amount G decreasing in order from the
first side 1n the tire width direction to the second side. This
configuration contributes greatly to achieving the effects of
better contact with the ground and uniformity of the foot-
print lengths. Consequently, the effects of both steering
stability at high speeds and durability at high speeds when

a camber 1s applied can be significantly achieved.

EXAMPLES

FIGS. 6 and 7 are tables showing results of performance
testing o pneumatic tires according to the present examples.
In the present examples, various types ol pneumatic tires
with different conditions were tested for performance relat-
ing to steering stability at high speeds (steering stability
when travelling at high speeds), durability at high speeds
when a camber 1s applied (durability when travelling at high
speeds when a camber 1s applied), and the like.

In the tests, pneumatic tires of tire size 295/35R21 were
used as the test tires.

The steering stability at high speeds was evaluated using
the following method:

the above-described test tires were mounted on 21x10J
rims, inflated to an air pressure of 260 kPa, then mounted on
a test vehicle (passenger vehicle with an engine displace-
ment ol 4800 cc). Next, the test vehicle was driven on a test
course with a dry road surface, and sensory evaluation was
carried out by an experienced test driver regarding steering
characteristics when changing lanes and cornering and sta-
bility when driving straight.

In the sensory evaluation, the results of the pneumatic
tires are indicated by an index (100) based on the result of
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the pneumatic tire of the conventional example. A greater
index value represents superior steering stability.

The durability at high speeds when a camber 1s applied
was evaluated using the following method:

the above-described test tires were mounted on 21x10]
rims and intlated to an air pressure of 340 kPa. A load of 7.65
kN was applied, and the test tires were mounted on a
durability testing drum with a camber angle of -2.7 degrees
(the first side corresponding to the vehicle outer side and the
second side corresponding to the vehicle inner side when
mounted on a vehicle), or a camber angle of +2.7 degrees
(the first side corresponding to the vehicle inner side and the
second side corresponding to the vehicle outer side when
mounted on a vehicle) applied. The testing drum was ran
while proceeding through the speed steps (described below),
and the speed at which the test tire falled was measured. The
pneumatic tires were evaluated based on how many steps
above or below the pneumatic tire of the conventional
example the test tire achieved. Here, +1 step means the test
tire cleared running for 20 min at +10 km/h, and +0.5 step
means the test tire cleared running for 10 min at +10 km/h.

Step 0: running time=0 min, speed=0 km/h

Step 1: running time=1 min, speed=0 to 190 km/h

Step 2: running time=5 min, speed=190 km/h

Step 3: running time=5 min, speed=240 km/h

Step 4: running time=10 min, speed=250 km/.

Step 5: running time=10 min, speed=260 km/.

Step 6: running time=10 main, speed=270 km/.

Step 7: running time=20 min, speed=280 km/.

Step 8: running time=20 min, speed=290 kmy/.

Step 9: running time=20 min, speed=300 km/h

Step 10: running time=20 min, speed=310 km/h There-

alter, speed was increased by +1 step (+10 km/h,
running time of 20 min) until tire failure.

FIGS. 6 A-6B shows rib configurations based on FIG. 1.
Here, the outermost rib in the tire width direction corre-
sponds to a first side outer rib, a rib adjacent to the first side
outer rib inward 1n the tire width direction corresponds to a
first side mner rb, a rib disposed on the tire equatorial plane
adjacent to the first side inner rib mward in the tire width
direction corresponds to a tire equatorial plane rib, a rb
adjacent to the tire equatorial plane rib disposed on the
second side corresponds to the second side mner rib, and the
outermost rib adjacent to the second side inner rib outward
in the tire width direction corresponds to a second side outer
r1b.

As shown 1n FIGS. 6A-6B, the pneumatic tire of Con-
ventional Example 1 1s provided with no protruding ribs.
The pneumatic tire of Comparative Example 1 1s provided
with a protruding rib only on the tire equatorial plane. On the
other hand, the pneumatic tires of Working Examples 1 to 15
shown 1n FIGS. 6 A-6B have a configuration 1n which at least
two ribs protrude outward in the tire radial direction beyond
the profile line of the tread surface when viewed 1n the
meridian cross section. The protruding amount decreases in
order from the first side to the second side 1n the tire width
direction. Also, the ribs of the pneumatic tires of Working
Example 8, and Working Examples 10 to 15 have a pro-
truding amount of from 0.05 mm to 2.0 mm, both inclusive.
The difference between the respective protruding amounts of
adjacent ribs of the pneumatic tires 1n the Working Example
11, and Working Examples 13 to 15 1s from 0.1 mm to 0.8
mm, both inclusive. Furthermore, the pneumatic tires of
Working Examples 1 to 3 and Working Examples 9 to 15 are
provided with ribs protruding beyond the profile line, the
ribs being each provided between circumierential grooves.
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FIGS. 7A-7B shows rib configurations based on FIG. 2.
Here, the outermost rib in the tire width direction corre-
sponds to a first side outer rib, a rib adjacent to the first side
outer rib inward 1n the tire width direction corresponds to a
first side 1nner rb, a rib adjacent to the first side iner rib
disposed on the second side corresponds to the second side
iner rib, and the outermost rib adjacent to the second side
inner rib outward 1n the tire width direction corresponds to
a second side outer rib.

As shown 1 FIGS. 7A-7B, the pneumatic tire of Con-
ventional Example 2 1s provided with no protruding ribs.
The pneumatic tire of Comparative Example 2 has a con-
figuration 1n which only the first side inner r1ib protrudes. On
the other hand, the pneumatic tires of Working Examples 16
to 27 shown i FIGS. 7A-7B have a configuration 1n which
at least two ribs protrude outward in the tire radial direction
beyond the profile line of the tread surface when viewed in

the meridian cross section. The protruding amount decreases
in order from the first side to the second side 1n the tire width
direction. Also, the ribs of the pneumatic tires of Working
Example 22, and Working Examples 24 to 27 have a
protruding amount of from 0.05 mm to 2.0 mm, both
inclusive. The difference between the respective protruding
amounts of adjacent ribs of the pneumatic tires 1n Working
Examples 25 to 27 1s from 0.1 mm to 0.8 mm, both
inclusive. Furthermore, the pneumatic tires of Working
Example 16 and Working Examples 23 to 27 are provided
with ribs protruding beyond the profile line, the ribs being
cach provided between circumierential grooves.

As 1s seen by the performance results shown i FIGS.
6A-68B and 7A-7B, the pneumatic tires of Working
Examples 1 to 27 had enhanced steering stability at high
speeds and durability at high speeds when a camber 1s
applied.

The mnvention claimed 1s:

1. A pneumatic tire comprising:

at least three circumierential grooves extending in a tire

circumierential direction 1n a tread portion; and

at least four ribs defined by the at least three circumier-

ential grooves, the at least four ribs extending 1n the tire
circumfierential direction;
at least two ribs of the at least four ribs protruding
outward 1n a tire radial direction beyond a profile line
of a tread surface when viewed 1n a meridian cross
section, the at least two ribs being provided adjacent to
one another and interposed by one of the at least three
circumierential grooves; and
a protruding amount of the at least two ribs decreasing 1n
order from a first side to a second side 1n a tire width
direction and a difference between a maximum value
and a mimimum value of respective protruding amounts
of the at least two of the ribs being not less than 0.4 mm
and not greater than 0.8 mm:;

wherein the at least two ribs include a shoulder side rib
defined as an outermost rib of the at least four ribs 1n
the tire width direction.

2. The pneumatic tire according to claim 1, wherein the
protruding amount from the profile line of the at least two
ribs 1s from 0.05 mm to 2.0 mm, both inclusive.

3. The pneumatic tire according to claim 2, wherein

a vehicle mner/outer side orientation when mounted on a

vehicle 1s designated, and

the protruding amount of the at least two ribs decreases 1n

order from the vehicle outer side to the vehicle mnner
side.
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4. The pneumatic tire according to claim 1, wherein

a vehicle inner/outer side orientation when mounted on a
vehicle 1s designated, and

the protruding amount of the at least two ribs decreases 1n
order from the vehicle outer side to the vehicle inner
side.

5. The pneumatic tire according to claim 1, wherein at

least three of the at least four ribs protrude beyond the profile
line, and a difference between the respective protruding

amounts of the at least three ribs 1s 0.3 mm to 0.8 mm, both
inclusive.

6. The pneumatic tire according to claim 1, wherein each

of the at least two ribs protrudes maximally at the center of
the tire width direction when viewed in a meridian cross
section.

7. A pneumatic tire comprising;
at least three circumierential grooves extending 1n a tire
circumierential direction 1n a tread portion; and

10
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at least four ribs defined by the at least three circumfer- 2¢

ential grooves, the at least four ribs extending 1n the tire
circumfierential direction;

12

at least three ribs of the at least four ribs, adjacent to one
another, protruding outward in a tire radial direction
beyond a profile line of a tread surface when viewed 1n
a meridian cross section; and

a protruding amount of the at least three ribs decreasing
in order from a first side to a second side 1n a tire width
direction and a difference between the respective pro-
truding amounts of the at least three ribs adjacent to one
another 1s 0.3 mm to 0.8 mm, both inclusive;

wherein the at least three ribs include a shoulder side rib
defined as an outermost rib of the at least four ribs 1n
the tire width direction.

8. The pneumatic tire according to claim 7, wherein each
of at least two of the at least three rnibs are provided between
the circumierential grooves and protrude maximally at the
center of the tire width direction when viewed 1 a meridian
Cross section.

9. The pneumatic tire according to claim 7, wherein a
protruding amount of the outermost rib of the at least three
ribs 1n the first side of the tire width direction 1s a maximum
protruding amount.
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